Background
Giant cell tumor of soft tissue (GCT-ST) is generally generated from body surfaces and is classified as an intermediate malignancy due to its low risk of metastasis. In 1972, Salm and Sissons first reported GCT-ST, which clinicopathologically resembles giant cell tumor of bone [1] . In 1999, Folpe reported that some patients who were diagnosed with GCT-ST had few metastases [2] . In 2000, Oliveira suggested that patients with GCT-ST have good prognosis after complete resection [3] . The disease concept of GCT-ST was established to distinguish it from the "giant cell tumor", which has a poor prognosis. In 2002, GCT-ST was addressed in the 3rd edition of the WHO Classification of Tumors of Soft Tissue and Bone, and was described as an independent disease in the 4th edition. GCT-ST is most likely to arise from the thighs, subcutaneous tissue, and the parotid gland, and has not been previously reported to arise from retroperitoneal tissue. Here, we provide the first report of a case of huge GCT-ST arising from retroperitoneal tissue, as well as presenting a review of the literature.
Case Report
A 78-year-old man came to our hospital with chief complaint of general fatigue and weight loss. He had been feeling fatigued for the past month. In the physical examination findings, an abdominal mass, which was hard and immobilized, was identified in the left upper quadrant, but he reported he did not feel any pain. Although he had not recognized the abdominal mass until we pointed it out based on the physical examination, he retrospectively noticed he seemed to have the mass from before. He had past history of diabetes, appendicitis, and left inguinal hernia. His diabetes was well-controlled with dipeptidyl peptidase-4 inhibitor and sulfonylureas. Blood exams showed no particular findings. The level of hemoglobin A1c was 6.2%, which was within normal range.
Abdominal contrast-enhanced CT revealed the huge irregular mass, 22×20×16 cm, surrounded with stomach, spleen, and left kidney, and it was strongly suspected that the tumor invaded the surrounding organs ( Figure 1A, 1B) . Additionally, the tumor had a certain low-density area suggesting degeneration or necrosis ( Figure 1A3 ). There was no ascites, no distant metastases, and no swollen lymph nodes. On T2-weighted MRIs, the solid portion of the tumor was shown with heterogenous intermediate and slight high-intensity signal ( Figure 2A1, 2A2) . Cystic component was demonstrated as a low-density area in plain CT ( Figure 2B1 ), low-intensity in T1-weighted imaging ( Figure 2B2 ), high-intensity in T2-weighted imaging ( Figure 2B3 ), and slightly high-intensity in DWI ( Figure 2B4 ). These MRI findings suggested the cystic lesion of the tumor seemed to be serous content and not bleeding. Additionally, calcification in the tumor was shown as high-density structures in plain CT ( Figure 2B1 ). The angiography demonstrated the tumor stain from the splenic artery, inferior mesenteric artery, and left renal artery ( Figure 3A-3C ). The splenic artery was a main feeder artery of the tumor ( Figure 3A) . Additionally, the blood flow from the inferior mesenteric artery spread to the splenic flexure through the left colic artery, suggesting tumor invasion into the colon ( Figure 3B) . Similarly, the left renal artery was shown as a feeder artery of the caudal region of the tumor ( Figure 3C ). Upper gastrointestinal endoscopy revealed the exclusion at posterior wall and corpus of the stomach, whereas the colonoscopy had no significant findings of exclusion or invasion by the tumor. It was diagnosed as a malignant retroperitoneal tumor based on the radiological findings of a huge tumor in the retroperitoneal space that invaded into multiple organs, although the origin was unknown, and the symptoms of weight loss and fatigue were compatible with the diagnosis of a malignant tumor. The cause of cystic component was unclear, but it was inferred that the huge tumor might cause necrosis in the tumor due to ischemia and insufficient blood supply to feed the huge tumor. Radical surgical resection of the tumor was performed with total gastrectomy, partial colectomy, distal pancreatectomy, left nephrectomy, and left adrenalectomy due to tumor invasion. There were no findings of carcinomatous peritonitis and no swollen lymph nodes in the intraoperative findings.
The resected specimen revealed that the tumor invaded stomach, colon, pancreas, spleen, left adrenal gland, and left kidney ( Figure 4A , 4B). The tumor was predominantly solid and had some large necrotic lesions ( Figure 4B ). It also had cystic lesions, calcification, and ossification inside. Pathological examination noted that many multinucleated giant cells were scattered, surrounded by spindle cells, and this finding was typical of GCT-ST ( Figure 5A ). The giant cells had little cellular atypia or pleomorphism but had grown invasively toward neighboring organs. This invasive behavior suggested the tumor had low-grade malignancy. Massive necrosis in GCT-ST is atypical and suggests that the growth in size caused ischemia in parts of the tumor. In the immunohistochemical findings, the multinucleated giant cells had strongly positive staining with cytoplasmic CD68 ( Figure 5B ). In addition, the tumor cells had positive staining of smooth-muscle actin (SMA, Figure 5C ); however, CD34, desmin, and S-100 protein were not stained at all in the tumor. The mitotic ratio of the tumor cells was greater than 30/10 high-power fields (HPF). Ki-67 was stained at the histiocytes in the background cells, not at multinucleated cells ( Figure 5D ). The tumor was diagnosed as GCT-ST generated from the retroperitoneal tissue, which has never been reported before. The patient began oral intake on the third postoperative day, and he was discharged without any complications on the 18th postoperative day. To date, he is alive and has had no recurrence of GCT-ST as of 1 year after surgery. 
Discussion
GCT-ST is a rare neoplasm that clinicopathologically resembles a giant cell tumor of bone. GCT-ST usually arises from the thigh, parotid gland, or subcutaneous tissue [4] [5] [6] . It is also possible for GCT-ST to arise in the head, neck, or mediastinum. Since the first case report of Salm and Sissons, approximately120 GCT-STs have been reported [1] ; however, there is no previous report of GCT-ST arising from retroperitoneal tissue. In this case, the huge GCT-ST was detected in the retroperitoneal space, and this is the first case report of the GCT-ST arising from retroperitoneal tissue.
GCT-ST has been recently named and defined in the WHO Classification of Soft-Tissue Tumors. First, Salm and Sissons reported 10 benign primary soft-tissue tumors resembling giant cell tumors of bone in 1972 [1] , and they described the tumors with the term "giant cell tumor of soft tissue". In the same year, Guccion and Enzinger reported 32 tumors, using the term "giant cell tumor of soft parts" [7] ; however, half of the cases died of distant metastasis, suggesting some of them might be "malignant fibrous histiocytoma" with a high-grade malignancy. Thereafter, both "malignant giant cell tumor" and "giant cell tumor of soft parts" were used; however, Folpe proposed that they should be termed "giant cell tumors of low malignant potential" in order to distinguish them from "malignant giant cell tumor of soft parts" and "malignant fibrous histiocytoma, giant cell type" [2] . In 2000, Oliveira et al. reported 22 cases of primary GCT-STs [3] , and they demonstrated that only 1 patient died of local recurrence and distant metastasis, but the other patients survived after complete resection of tumors. In the same year, O'Connell reported 11 cases of benign GCT-ST, with no instances of local recurrence or metastases during the observation period (range; 2-80 months, average; 24 months) [8] . of the Japanese Orthopedic Association, and only 3.5% of them arose from the retroperitoneal area. Retroperitoneal tumors include a variety of benign and malignant neoplasms, and they are generally difficult to detect at an early stage because they begin asymptomatically, in contrast to tumors generated from superficial tissue such as subcutaneous tissue. Therefore, retroperitoneal tumors are often detected as large or progressive tumors. Even after complete resection of the tumor, local recurrence or distant metastasis frequently occurs. Thus, the patients with malignant retroperitoneal tumors often have poor prognosis, while GCT-ST can be cured after complete resection.
Yakushiji et al. reported the diagnostic utility of diffusionweighted MR images in primary soft-tissue tumors, and the apparent diffusion coefficient value of GCT-ST was significantly lower than that of benign tumors. Hu et al. reported the tumor exhibited predominantly slight hyperintensity on T2 images and intensely heterogeneous enhancement on contrast-enhanced T1-weighted images [6] . Moris reported a case with a hypointense rim on T2-weighted images [9] . In our MRI, the viable solid lesion was shown as the lower intensity of T2-weighted images, and the necrotic lesion was shown as irregular shape of isointensity on T2-weighted images. MRI was more informative than CT in differentiating the surrounding organs, as we recognized the pancreas and adrenal gland. Contrast-enhanced MR imaging revealed that the solid regions enhance diffusely, reflecting hypervascular tissue. Yaghmai et al. reported on 2 angiograms of GCT-ST, which were hypervascular, as well as GCT of bone [10] [11] [12] [13] . In our case, the splenic artery mainly supplied blood flow into this huge tumor along with a part of IMA and left renal artery. The tumor was diagnosed as a primary retroperitoneal malignant tumor by the imaging examinations. At this point, a gastrointestinal stromal tumor was considered as the most likely diagnosis due to the huge hypervascular tumor. Differential diagnosis also considered left adrenal tumor, pancreatic tumor, left renal cancer, liposarcoma, and malignant lymphoma. Some reports suggested cytology and biopsy for preoperative diagnostic confirmation [14, 15] . However, fine-needle aspiration and core-needle biopsy were not strongly recommended to make the diagnosis in our case, because it is often difficult to make an accurate diagnosis due to insufficient or inappropriate samples to perform an immunohistochemical analysis or a genetic exam, and there is some risk of implantation on the needle tract during cytology or biopsy. In addition, cytology and biopsy for hypervascular retroperitoneal tumor might induce bleeding into the abdominal cavity. Hence, it is difficult to make a histological diagnosis preoperatively. The optimal treatment of a retroperitoneal tumor without distant metastasis is curative surgical resection. In our case of GCT-ST, there was no metastasis, although the tumor invaded into multiple organs such as stomach, transverse colon, and left kidney. In addition, the patient had severe fatigue and body weight loss due to the huge tumor compressing the gastrointestinal tract. The surgical treatment was required for the cure of disease as well as relief from the symptoms.
GCT-ST and giant cell tumor of bone are histologically similar in multiple aspects. However, GCT-ST seems to have different behavior from giant cell tumor of bone. GCT-ST is considered a tumor of low malignant potential, but giant cell tumor of bone is a locally aggressive tumor. Lee et al. suggested the genetic distinction between GCT-ST and giant cell tumor of bone [16] . They analyzed the genotype of H3F3A in 15 cases of GCT-ST. Despite the high prevalence of H3F3A Gly34 mutations in giant cell tumor of bone, no mutation of the H3F3A gene was revealed in any of the 15 GCT-ST cases.
Clinicopathologically, GCT-ST frequently shows a multinodular pattern, and many multinucleated giant cells are dispersed among spindle cells without cellular atypia or pleomorphism.
The surface marker of GCT-ST has not been characterized before. In this case, immunohistological staining showed positive CD68 and SMA and lack of desmin, CD31, CD45, and S-100 of the tumor. CD68 was seen in multinucleated cells and was slightly positive in mononucleated cells, as in some previous reports [17] . CD68 is widely used as a macrophage marker and stain to bind lysosomal protein [18] . Smooth-muscle actin (SMA) was only weakly positive in mononuclear spindle cells. Desmin is a muscle-specific protein. Lack of desmin staining confirmed the tumor was not a myogenic stromal tumor. CD31, which plays a role in adhesive interaction between adjacent endothelial cells, is used as a marker of endothelial differentiation [19, 20] . Lack of CD31 staining supported that the tumor was not angiogenetic. S-100 protein, which is used as a marker of neurogenic tumors such as schwannoma, is negative in tumor cells [21] . The mitotic ratio varies, and Oliveira reported it was from 2 to more than 30 mitoses per 10 HPF, and from 7 to 53 mitoses per 10 HPF in O'Connell's report [3, 8] . Ki-67, which is well known as a cellular marker of proliferation, was relatively higher in our cases, so prudent follow-up was required even with low malignant potential.
GCT-ST should be completely resected with negative surgical margin for radical treatment, as well as the other retroperitoneal tumors. A major problem of GCT-ST is not distant metastasis, but rather a local recurrence. All of the reported patients who had local recurrence after surgery had a positive surgical margin. In other words, radical resection is the most important way to eliminate any recurrence in retroperitoneal GCT-ST, although it is often difficult to secure the negative surgical margin. If the differential diagnosis suggests a tumor is a GCT-ST, complete resection should be performed to achieve long survival after surgery.
